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(54) Silver vanadium oxide having a fine particle size for improved cell performance 



(57) The present invention relates to the use of SVO 
classified to a particle size of about 25u, to about 75\i as 
a cathode active material in a lithium electrochemical 
cell. The cathode electrode is fabricated into an elec- 
trode assembly by overlaying it with an anode electrode 
and an intermediate separator. The reduced particle 



size of the SVO material means that a separator of re- 
duced thickness is used, which provides space for more 
active materials in a casing of a given volume. The elec- 
trode assembly is then hermetically sealed in a casing 
and used as the power source for such devices as im- 
plantable medical devices. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

5 200°1 11 ™ S aPP,iCati ° n C,3imS Pri ° rity b3Sed ° n Pr ° ViSi0nal app,iCati0n Serial No ' 60/323,373, filed September 19, 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

SSJH, he f rn,e ! iCa " y S6 f '! d mhiUm Ce " S ° f the powerin 9 im P'^table medical devices, it is desirable to have 
Z T 35 f ^ erma ' fUS6 " Sh ° Uld the Ce " short circuit and be «™" into a run away chS react.cn 

^•Wrt separator s only performs this function.it does it while having a thickness of about ^1^ 0^' 

«:rs asr of inacuve components inside ,he 035,09 so that more active 
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2. Prior Art 



sottltf 9 P0 ' ,° ab0Ut fl 180 ° C - the ra P jd reaction of lithium may cause cata^hic S^m^ A 

of about 1 50 C. This two-component construction can take the form of two bonded plies as in U S Patent No T fisn 7™ 



SUMMARY OF THE INVENTION 
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figuration multi plate assembly, or have a serpentine shaped first electrode with plates of the other electrode interleaved 
between the folds. The electrode assembly is then hermetically sealed in a casing and used as the power source for 
such devices as implantable medical devices. 

[0008] These and other features and advantages of the present invention will become increasingly more apparent 
5 to those skilled in the art by reference to the following description and the appended drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] Fig. 1 is a graph constructed from the discharge of Li/SVO cells having the cathode active material with an 
10 average particle size of about 25\i in comparison to the prior art of about 200ji. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] As used herein, the term "pulse" means a short burst of electrical current of significantly greater amplitude 

15 than that of a pre-pulse current immediately prior to the pulse. A "pulse train" consists of at least two pulses of electrical 
current delivered in relatively short succession with or without open circuit rest between the pulses. An exemplary pulse 
train may consist of four 10-second pulses (23.2 mA/cm 2 ) with a 15 second rest between each pulse. 
[0011] The cell of the present invention comprises an anode selected from Groups IA, HA or NIB metals, and their 
alloys. The preferred anode comprises lithium. Preferably, the anode is a thin sheet or foil of lithium, pressed or rolled 

20 on a metallic anode current collector to form an anode strip having an integrally extending tab or lead. Suitable current 
collectors are of nickel, copper, aluminum, titanium and tantalum, the former being preferred. In an electrode assembly 
with the anode electrically associated with a cathode, such as of a "jellyroll" configuration or multi plate design, the 
current collector tab is typically contacted by a weld to a cell case of conductive metal in a case-negative electrical 
configuration. The anode may also be formed in other geometric shapes, such as a bobbin shape, cylinder or pellet 

25 to allow alternate cell designs. 

[0012] In that respect, the cell further comprises a solid cathode of an electrically conductive material. A preferred 
cathode active material comprises SVO formed from starting materials in a thermal decomposition reaction, a chemical 
addition reaction including chemical vapor deposition or hydrothermal synthesis in mixed states, or otherwise intimate 
contact of various metal oxides/metal oxides or metal oxide/elemental metal combinations. The starting materials in- 

30 dude, but are not limited to, those classes of compounds known as nitrates, nitrites, carbonates, and ammonium salts. 
[001 3] In a preferred form of the SVO synthesis, a decomposable salt of silver is thermally treated with a vanadium- 
containing compound. Reaction temperatures range from about 360°C to about 550°C and occur in both an oxidizing 
atmosphere, an oxygen deficient atmosphere and an inert environment. Suitable silver-containing ingredients include 
Ag, AgN0 3 , AgN0 2 , Ag 2 0 2 , AgVG 3 , Ag 2 C0 3 , and Ag(CH 3 C0 2 ) while the vanadium-containing compound is selected 

35 from NH 4 V0 3 , AgV0 3 , VO, V0 127 , V0 2 , V 2 0 4 , V 2 0 3> V 3 0 5 , V 4 0 9 , V 6 0 13 and V 2 0 5 . Mixtures of the silver-containing 
compounds and vanadium-containing compounds can be used as well. 

[0014] A conventional decomposition-produced SVO (D-SVO) reaction of silver nitrate and vanadium pentoxide is 
described in U.S. Patent Nos. 4,310,609 and 4,391,729, both to Liang et al. and both assigned to the assignee of the 
present invention and incorporated herein by reference. The decomposition reaction proceeds at a temperature of 
40 about 360°C to about 380°C according to the following reaction: 

2AgN0 3 + 2V 2 0 5 -» Ag 2 V 4 0 1 , + 2NO x 

45 This synthesis is characterized by a loss of weight from the release of NO x and results in SVO having a relatively low 
crystallinity. 

[0015] Alternatively, SVO is synthesized using a combination reaction, resulting in combination-produced SVO 
(C-SVO). A conventional C-SVO reaction is described in U.S. Patent No. 5,221,453 to Crespi et al. and proceeds at 
a temperature of about 500°C from silver oxide and vanadium pentoxide according to the following reaction: 

50 

Ag 2 0 + 2V 2 0 5 -*Ag 2 V 4 0 11 

The resulting C-SVO has a well-defined crystalline structure, and a greater density than D-SVO material. 
55 [0016] Another synthesis technique is described in U.S. Patent No. 5,955,218 to Crespi et al. (heat treating SVO at 
390°C to 580°C after its initial synthesis, whether it be by decomposition or combination). 

[0017] Other methods of preparing SVO include, for example, a sol-gel method as described in U.S. Patent No. 
5,558,680 to Takeuchi et al., a hydrothermal synthesis in an aqueous environment under elevated pressure, and a 
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method of preparing amorphous SVO as described in U.S. Patent No. 5,498,494 to Takeuchi et al. Both of these patents 
are assigned to the assignee of the present invention and incorporated herein by reference 
n°°K 81 ™!/ esultin 9 silver ^nadium oxide has the general formula Ag^O, in any one of its phases. These include 
p-phase SVO wherein in the general formula of Ag^Oy, x = 0.35 and y = 5.18. yphase SVO wherein x = 0.74 and y 
= 5.37 and e-phase wherein x = 1.0 and y = 5.5. Still another form comprises a mixture of the p- and >phases of silver 
vanadium oxide, as described in U.S. Patent No. 5,545.497 to Takeuchi et al.. which is assigned to the assignee of 
the present invention and incorporated herein by reference. 

[0019] Regardless of the synthesis technique, the current invention uses SVO particles of a size less than about 75u 
and. more preferably, in a range of 25p to about 75ft. To ensure the SVO particles are of the proper size they are 
passed hrough a 75-micron sieve. The remainder of the SVO material that is larger than 75n is processed by grinding/ 
milling .t to the appropriate size. Additionally, or in the alternative, the SVO material larger than 75u is reheated to a 
temperature in a range of about 480°C to about 550°C, preferably about 500°C for about 30 minutes to about 6 hours 
This additional heating serves to break down the particle size to within the useful range or to a reduced size so that 
upon further gnnding, the proper size is readily attainable. 

[0020] The SVO material may be formed into a cathode structure with the aid of a suitable binder material, preferably 
a powder fluoro-resin. such as polytetrafluoroethylene powder and a material having electronic conductive character- 
istics such as carbon black and graphite. Further, the cathode active mixture may be rolled, spread or pressed onto 

L'nil l C „t? °° r Ct ° r A ^ ,table ° 0ndUCtiVe material for the cu^ ' en, col,ector is selected fr °™ stainless steel. 
tl T; S P 3 • Uminl,m • COba ' t n, ' Cke ' aN0yS ' "^-containing alloys, highly alloyed ferritic stain- 

ess steel containing molybdenum and chromium, and nickel-, chromium- and molybdenum-containing alloys. The 
thusly-prepared cathode ,n the form of individual plates is interleaved between the folds of a serpentine shaped anode 
or a strip of the cathode is overlaid with an anode strip and spirally wound into a structure similar to a "iellyroll ■ An 
alternate form of the cathode is of a free standing sheet as described in U.S. Patent No. 5.435.874 to Takeuchi et al 

Th^T 8 ' 9 t °, t !' e f Si9nee ° f the Present invention and ^Tcated herein by reference. The free standing 
sheet is then pressed to the current collector to form the cathode 

2£ 1 LSI! ,6 J he P T nt i nVen ! i0n h3S bee " descritedwi,hres P ect toSVOas the preferred cathode active material, 
other useful acfve matenals include copper silver vanadium oxide, manganese dioxide, cobalt nickel nickel oxide 

The'rZ™^^ 
£t 9 9w^ 

y4 to yy weight percent of the cathode active material. 

S, ^ aCe " ° f *J a presenl invention inc,udes a separator to provide physical segregation between the anode and 
Swln SET h S6P r t0r iS °' a " e,eCWCallV inSU ' atiVe ma,erial t0 P reVent an intemal electrical short circuit 

SSlS^ S 1° ? S ' SeParat ° r matenal alS ° iS ChemiCa,ly Unreactive with the anode and active 

matenals and both chem.cally unreactive with and insoluble in the electrolyte. In addition, the separator material has 

JKZZZHI? T 1° aN0W fl ° W thSre thr0U9h ° f the e,eCtr0,yte duri "9 the electrochemical reaction o the 
te a I'll XI TZ ePa T V fS a " enVe, ° Pe SUTOUndi "9 each of the electrodes. Alternatively, the separator 
iHca ^ee^^laced between the anode and cathode electrodes. Such is the case when the anode is folded in a serpentine- 

ULSST 7 h 3 P k ? Cath ° de P,ateS diSP ° Sed intermedia «e the anode folds and received in a cell casingTr 
1, ^ ne fectrode comb.nat.on is rolled or otherwise formed into a cylindrical "jellyroll" configuration 

SLi ,?rr Para i 0r , materialS inC ' Ude febriCS W0Ven from ""eropolymeric fibers of polyethylenetetrafluor- 
°ll T " P^^fl^^'ene and polyethylenechlorotrifluoroethylene. Other suitable separator materia Is Sde 

fOO^T o"nfoSl d °r h , S 1 POlyPr ° Pylene (PP)> POlyeJhy,ene (PE) ' 9 ,ass fiber materia,s - a " d -ramii 
f 3 ,1 enefitS ° f the preSent invention is tnat usin 9 SV0 P arti des of about 75u or less means a separator 
of reduced th,ckness is used without the SVO active materia, puncturing or otherwise (J^S^SSSE 

ave ty edoe e s EE ' S *? !" SV0 P " W " " ^ **» are i^ESSSi 

have edges that are pronounced enough to puncture the separator. 

[00 I\ ^ e Preferred ^Parator is a single layer of polyethylene about 0.001 inches thick commercially available 
££E? S6P » ° f 3 ^ Ply construction havi "9 a thi ek"ess of about 0.001 inches. An exlplar^ llti pTy 

Z S22 VSbSSSSSSTT k" a , bout 75p would tear such thin separators - Therefore - ™* use. 

nchesTheCES A R^ 
55 rflowtJere^ 

[0026] Not only must the separator prevent direct physical contact between the anode and cathode electrodes while 
supporting .on movement there through, it must also function as a thermal protection barrier ^VpreSSventon 
polyethylene having a melting temperature less than about 135°C is preferred for this purpose ^sZSre is 
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» 85 ^T?™?J 25^w D.rform. .he thermal ehu(de«h" luhetioe HUM the provielon el e sec 
100271 The preferred ^I^^^Sj^ separstos . The reason Is believed to be lb. non-woven 

the cathode active material. n nM , an d evclic ethers and dialkyl carbonates such as tetrahy- 

[0029] Suitable low viscosity solvents .nclude esters, linear and J 2 -dimethoxyethane 

Lfuin (THF), methyl acetate (MA), diglyme, trigylme te^e ^^^^J^^Zon^ 
(DME). 1,2-diethoxyethane(DEE), l^thoxy^methoxyethane (EM ^^^^^^J^ include 
ethyl propyl carbonate, diethyl carbonate, dipropyl carbonate. ^^^^^^ (EC ), butylene 
cydiccarfconates.cycliceste^^ 

to-metal seaWerminal pin feedthrough for the cattiode J^^^J^i^ with the electrolyte 
the present invention cell in companson to a lithium cell "^j 5 ^^ de vice, such as a 

50 S Benefits attributed to the present invention are illustrated by the following examples: 
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^^^s^^^^^r 1 an e,on9ate anode in a serpen,ine ^ * 

envelopes. For the mm! ^Sta^f S f ' ?! Mua> e,6Ctrodes were p,aced in ,heir «*< separator 
hadaLoporo^S^ 

art cells had two layers of the respective aanamw m-taTi - ■ ^ 0,6 present inven «° n and Prior 

trodeassemblieswLthenhenS^^^^^ ,he anode and The elec- 
w«h an electrode soluhon of I^fX^ 

Following burn-in, the cells were disch^, Jh! t If . ° f approximate| y 1 % «* their theoretical capacity. 
ce,l.ife.TUu.seU^^ 

-~st,c Ur ves^ 



Comparison of Cell Configuration Between Li/SVO Cells of Various i***. *, 7m 




25y. particle size (avg.) 


200fi particle size (avg.) 


Electrode Surface Area (cm 2 ) 


71.3 


53.5 


Active cell capacity (Ah) 


1.64 


1.20 


Current Rating (at 31 mA/cm 2 ) 


2.21 


1.66 


Number of Cathode Plates 


8 


6 



cells. 'This is ^Vm^nSS^S!^ d ' SCharge rapacitfes tha " »• P*» art 

The present invenJn sSESS TenSle a ^^u^^ SV ° 
0.0035-inch separator This resulted in Zn ZZTZZZ? ?'?L ,ncnes ,0 be employed instead of the customary 
in the conventions £ dS^^"32 S *** "P * 3 0381,19 ,arge enou 9 h to housa plateT 
direct impacts the 1h^c££I2 S ^eS rSng " ^ " '"^ ** ate SUrfaCe area " 

EXAMPLE II 

, Table 2 




the cathode plates between the folds of teser^e aKSe 8 ^ *" n Separa,0rs envelopin 9 *» * 
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the herein appended claims. 



Claims 

1 . An electrochemical cell, which comprises: 
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^'electrolyte activating the anode and the cathode. 



thereof. 



inereui. 
in a range of 25 to 75um. 



5. 

or less 



6. The eiectrochemica. cel. of any preceding claim wherein the separator is a non-woven fabric. 
7 The electrochemical cell of any preceding claim wherein the separator comprises polyethylene. 

construction, 
less than 180°C. 

10 The eiectrochemica, cel. of any preceding claim wherein the cathode comprises a conductive addKive. 

^.T^ecuo^ 
and graphite. 

of the silver vanadium oxide. 

13 The electrochemical cell of any preceding claim wherein the e.ectro.yte is nonaqueous. 

14 Thee.ectrochemica.^ 

' ode active material, having a particle size of 75 pm or less. 

15. A method for providing an electrochemical cell which comprises the steps of: 

?, ?££ of a cathode active materia, having a ^ size of 75pm or .ess; 

e petitioning a separator between the anode and the cathode; and 
d) activating the anode and the cathode with an electrolyte. 
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thickness of 0.026 mm or less. * SefV,Ce 38 a them,al *«•. f ° be fabricated at a 

18. Use according ,o ciaim 17 wherein the separator is of single component construction. 
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